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Abstract

Zirconja=ttoughened aAlumina (ZTA) is an advanced ceramic bio-inert_hiomaterial comprising
6£809 = |umina and 20% y¥ttria—stabilisedstabilized Zireoniazirconiy = lese-Itis used in a
numbé—-several bio-irert-biomateriaHs-used-n-theficld-ef-medical appwJations, including

speeifieally-in total hip joint implants, -eue-owing t
mRimuA-its low interaction with_the surrounding tl and good biocompatibility. This paper
presents the Fribeligiealtribological (behavieuroror-Wearwear) behaviourbehavior of ZTA pins
and-ZFA pPRlates when subjected to- wear tests. A Ducom Linear Reciprocating Tribometer was
used for testing-evaluating the the-wear n-characteristics of the ZTA pPRin and%‘FAand pPlate
specimens. The-testresultsconfirmed-that-the average wear rate of the .

specimens was minimum-as-low at 6.2498 xXx_107° g/(N - m). Their -coefficient of friction ef ZFA
pir-onZFA-plate-was feund-te-be-0.333 for a; frictional force wa&feaaeHeJeeof 6 666 N and
operating temperature was-of 37 + 0.2e 'C. These - values are
within the admissible limits as per_ the ASTM standards uysed-for implant materials. Hence,

Zirconia toughened-Alumina Bio-inert materialisZTA Is o agood-candidatesuilable implant
biomaterial for tFotal hip joint replacement-implants and other similar medical applications.

unique charactenstlcs efsuch as
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1. Introduction

Zirconia-—Ftoughened Alamina-alumina (ZTA) is an advanced ceramic bio-inert biomaterial
comprising ef-alumina and zirconia. It ZFA-consjsts of 80% alumina, which is the primary phase,
and 20% -ef-Yyttria--Sstabilized Zireenia-zirconi{ = jich is the secondary phase. This composite

ceramic material combines the advantageous p ties of both monolithic alumina and
zirconia. ZFA-As a result, it exhibits high strength and toughness compared wit| = jonventional
alumina and zirconia. In addition, ZTA composites kave-show better mechanica—p-Jdperties

compared te-with thatef-monolithic alumina or stabilized zZirconia alone [1]. Thes&prepeme&

are-achieved-byis can is becan be attributed to usig-several mechanisms such as bleeking-
blocked crack growth, by-centrellirg-grain shape_control, eentrolling-thecontrol of the phase
transformation in-of the zirconia particles, and mm%meMgstrengthening of the alumina
phase threugh-by optimizing its eentrel-ef-grain size and introducing various_additions.

Fhough-AWhile alumina has-exhibits high hardness and_good wear resistance, its preperties-
highbut brittleness -pature-ef-aluminaleads-results in te-high risk-ef-fracture_risk, leading to- Fhis
property-of-aluminaleadsto-certain-design restrictions. The Zireonia-has-enhy-halfthe-hardness
of zirconia is half of that of alumina;_however, its butfracture resistance is impreved-greater due-
owing to te-transformation toughening. Fhe-Hence, its overall toughness and bending strength
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are comparatively higher than_those of Alamiraalumina. Howeverln addition, But-zirconia -
aexhibits a metastable form phase transition, which r-eceurs-and-affects its overall stability [2].
The poor thermal conductivity of zZirconia also irereases-thisaidscontributes to this
phenomenon. Therefore, the ideal ceramic is-awould be a-materiat-that-combines the best
properties of both Zireenia-zirconia and Aluminra-alumina:; one such material iswhieh-is
pepulary-krewn-as-zZirconia-—Ftoughened Alaminraalumina.

A bBiomaterial is a natural or synthetic material used for medical applications asbecause it —is_
Biomaterials-are-the-materials-that-are-compatible with the-living tissues. The important factors-
that-are considered for a biomaterial are_its physical properties-of-the-materials, corrosion pature
characteristics in the tissue environment, and its surface configuration-ef-material. Based on the
biological interactions with-of biomaterials, they can be material-biomaterials-are-categorized
into three types:- e-bBio-inert materials, bBio-active materials, -and bBio-resorbable materials.
Biomaterials may be mMetals and metallic alloys, ceramics, polymers, ard-or natural materials.
The function of biomaterials ranges from being inert in the body to being "bioactive" and helping
with regeneration [3].

Biomaterials are widely used for the restoration of damaged body parts through interactions with
the living systems. Biomaterial devices used in orthopedics is-are known as implants.
Biomaterial-baseds i-ferm-efimplants used in the human body include artificial heart valves;;
blood vessel stents; ard-shoulder, knee, and -hip implants;; elbow replacement implants;, and
dental implants.

A Biemateriat-biomaterial should have the following desired properties [4]:

Mechanical properties: The material should have high strength so that they-it can withstand
the-high loads. In addition, its -are-modulus of elasticity should be low. This kelps-would te-help
increase the service life of the implants and prevent the necessity of revision surgery gdae-owing
to_the loosening of the implant.

Biocompatibility: The material should not cause any harm to the body and should be
compatible with the-living systemss.

Wear resistance: The material must possess high wear resistance and have-a low coefficient
of friction when sliding against body tissues. A low Beerease-ir-wear resistance or irerease-+-
thehigh coefficient of friction can lead to loosening of the implant.

Corrosion resistance: A biomaterial must possess high corrosion resistance. Fre-mMaterials
with less-low resistanree-te-corrosion resistance can releases metal ions frem-the-material-to-
thewithin the body, resulting in and-itresultsin-toxic reactions-inbedy.

Osteoconductivitye: The biomaterial must allow bone growth on theiits surfaces.

Osseointegration: The propertiesy of the material should be such that there-is-are bethboth
functional and structural connections form between the surface of the load--carrying implant
material-and the living bone. H-isimpertantthattThe roughness, chemistry, and surface
characteristics of the implant material play a major role in osseointegration.

Non-toxicity: The implant material must be nontoxic, that is, it must not result in toxic reactions
i-within the body; and should not alter the DNA ef-gereme-(genotoxic) or -sheuld-net-cause
damage to the individual cells (cytotoxic).

Fatigue life: The material must have high resistance to fatigue so that the-faiture-ef-implant
failure and itsby and-fatigue fracture, which can-eading-te-stress-shielding, -can be prevented.



Bio-inertness: The material dees-must not fetinteract when introduced #-within biological
tissue. This helps in_the formation of bone on the implant surface efmaterial-and aids the ion
exchange efiens-with the surrounding tissues

Biotolerancent: The material is-must not be rejected when implanted into living tissue.

Biomimetics: The material issmust be designed to mimic specific biological processes, so that it
and-thelps ir-optimizinge the regenerative response ir-within the biological environment.

Total hip Jomt implant replacement is an unavoidable orthopedic appheamrrprocedure for-the

arthritis_patients ane-forseeking to #mpreving-improve their quality_of life-ef
patients [5]. Artificial joints whieh-that replaces the damaged joint is-are gaining popularity. The
demand for Hig-hip joint replacement in-the-field-efin orthopedic surgery is high, but #tHsmaking
an -stillehallenge-for-implant last remains a challengetetastiong.

Standard total hip joint implants are made up of four components [6]. The}-S_stemit is the part
inserted into the femur, or thighbone. The Supcupst is the part inserted into the pelvic_bone.
The Balball -tis the part fitted onto the end of the_stem. And the Lirerliner-t is the part
inserted into the cup;- it acts as the and-beeemes-new cartilage.

Tribology is "the science and technology of interacting surfaces in relative motion and of related
subjects and practices.": It generally includes technologically relevant phenomena such as
friction, wear, and lubrication [7, 8]. Wear is the progressive loss of material from surfaces in
contact, which occurs as-aresult-efbecause of friction. It is a slow-and-, continuous process of ef
remeval-oef-particle removals from one or more materials. Wear is not an intrinsic property of a
material but rather itisa complex response of a material induced by the system_characteristics
such as the load, speed, temperature, hardness, surface finish, and presence of foreign
materials-ete- [9]. The processes by which material experiences wear is-are known as its wear
mechanisms. Fhis-These mechanisms wearmmechanism-describes how the articulating surfaces
behave fer-under different tribological conditions [10]. The different-types of wear meechanisms-
experienced in a material may be abrasion, adhesion, third--body, fatigue, and_corrosion [11].

The Parameters-parameters affecting wear are-as-fellews:include the-€ coefficient of friction,
Frietienal-frictional force, and Operating-operating tFemperature.
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